Audits of antibiotic prescribing were done for periods of up to eight weeks in two successive years on medical, surgical, orthopaedic, gynaecology, obstetric, and urology wards and in an accident and emergency department. Clinical details were matched with antibiotic prescribing, and the appropriateness of the latter was judged independently by two medical microbiologists. Only when they agreed was an individual prescription included in the analysis. Overall, 28% of prescriptions in 1979 and
Introduction
In recent years there has been considerable concern about the use of antibiotics in hospitals.' American, Canadian, and Israeli studies have concluded that prescribing was often irrational.' Consequently the American Medical Association recommended that each hospital should have a committee to monitor the use of antibiotics8 and the Veterans Administration Group published prescribing guidelines. 9 A large American study showed that the average prescribing physician's knowledge of antibiotic use showed substantial deficiencies.'0 There have been few studies in the United Kingdom. One showed considerable confusion in prophylactic prescribing," and another relied on interviews with prescribers and made no attempt to educate or to follow up."2 Our study conformed with recently published suggestions.' We examined antibiotic prescribing and on the basis of the results issued advice designed to improve it. One year later we repeated the survey to observe the effect of our efforts.
During the first half of 1979 prescriptions for antibiotics on orthopaedic, gynaecology, and obstetric wards were observed for four weeks and on two general medical, two general surgical, and a urology ward for eight weeks. The accident and emergency (casualty) department was observed for one calendar month. During 1980 wards were observed for six weeks (obstetric and gynaecology four weeks; orthopaedic eight weeks) and the casualty department again for one month.
The wards were visited daily by the same observer (PJS) and all new prescriptions for antibiotics were recorded, along with any concurrent treatment. Details of the patients (name, age, sex, clinical history and diagnosis, renal function, and indication for antibiotic treatment) were extracted from their notes. The results of any microbiological investigations were also recorded. Subsequently, each patient's notes and prescription sheets were reviewed daily, along with any changes in their clinical condition, until the antibiotic was discontinued. When a drug was prescribed for a specified period-for example, five days-the prescription sheet was still reviewed daily to ascertain the exact date of stopping treatment.
The medical staff were aware of the survey but, to minimise influence on prescribing habits, they were questioned about prescriptions only if information in the case notes was seriously inadequate. The normal service of the microbiology department in providing advice on problems of infection operated throughout the survey. No formal antibiotic prescribing policy existed at the time, although prescriptions for expensive or potentially toxic antibiotics were notified by pharmacy to the microbiology department as had been the case for some years. We usually discussed such prescriptions with the clinicians concerned.
Bed occupancy for each ward during the study periods was obtained from the ward admissions register and from the admissions officer. Completed data sheets were submitted separately to two medical microbiologists (DSR and DWB) working independently at that time in separate departments of microbiology. They answered sequentially the following questions about each prescription:
(1) Should the patient have received an antibiotic ? They were asked to answer "yes," "no," or "questionable," using questionable as infrequently as possible. If the answer to the first or second question was "no" then no further questions were answered. There was no discussion of individual cases between the assessors. Assessment was based on currently recognised forms of treatment and prophylaxis.
In autumn 1979 the results of the first survey together with "Recommendations for improved antibiotic prescribing" were distributed to all medical staff in the hospital. The medical staff were asked to consider carefully whether a clinical problem would be influenced by antibiotic treatment. In particular it was emphasised that only recognised forms of prophylaxis should be prescribed. They were asked to pay attention to the results of laboratory investigations and to make doses and routes of administration appropriate for individual patients, to keep treatment courses short, and to seek advice when in doubt. The recommendations were reinforced as far as possible in open meetings and in discussions about individual patients. In addition, with the agreement of clinical staff, all prescriptions for antibiotics were restricted by the pharmacy to a maximum of five days without reordering.
Results

DISTRIBUTION OF PRESCRIPTIONS AMONG DEPARTMENTS AND SURVEYS
The proportion of patients in each department who received antibiotics varied widely among departments, largely because of prophylactic use in surgical specialties (table I) . There was a small reduction in overall use between 1979 and 1980, which was almost entirely due to abandoning some prophylactic treatment in obstetrics and to more rational prophylaxis for gynaecological surgery. Total agreement-both answering "yes," "no," or "questionable."
Partial agreement-one answering "yes" or "no" and one "questionable."
Total disagreement-one "yes" and one "no."
The quality of a prescription was evaluated only when both assessors were in agreement. Other topics of disagreement, spread through all specialties were: afebrile exacerbation of chronic bronchitis; afebrile postoperative chest infection; afebrile urinary infection, especially when the patient was catheterised and asymptomatic, or was symptomatic but before microbiological proof of infection had been received.
Was the antibiotic and its dose appropriate ?
Disagreements were few in both years and tended not to fall into any particular pattern, although there was regular disagreement whether 250 mg of amoxycillin or flucloxacillin should be used for chest infections and soft-tissue infections respectively. One assessor also thought that sulphadimidine 1 g every six hours was too large a dose for treating a simple urinary infection.
Was the frequency of the dose appropriate ?
Again, there were few disagreements in either year and those that occurred were almost all due to one assessor insisting on the manufacturer's recommended dose schedule while the other was prepared to accept interchange between six and eight hourly dosing, especially for amoxycillin.
Was the route of administration appropriate ?
It was difficult on a data sheet to convey the patient's exact clinical state, and in both years this caused difficulty in deciding whether in some cases oral or parenteral treatment was appropriate. Nevertheless, there were still few disagreements.
Was the duration of treatment appropriate ?
In both years there was some disagreement, partial or total, over the duration of courses of treatment for both treatment and prophylaxis, with one assessor tolerating rather longer courses than the other, especially for urinary infections. Both agreed, however, that on the whole courses of treatment were too long.
ASSESSING THE PRESCRIBERS
The prescribers were assessed only when there was total agreement between the assessors.
Should the patient have received ani antibiotic ? (table III) In 1979 some 610 of prescriptions were judged to be clinically indicated compared with 51o/ in 1980; 28 , in 1979 and 35 '% in 1980 were judged to be unnecessary, the remainder being questionable. Unnecessary prescriptions fell into two main categories:
(1) Inappropriate prophylaxis-for example, (a) oral phthalylsulphathiazole and neomycin before bowel surgery; (b) oral antibiotics for uninfected patients with urethral catheters; and (c) extension from procedures where prophylaxis is accepted, such as using metronidazole for hysterectomy and large bowel surgery, to others for which there is no proved indication for prophylaxis, such as oophorectomy, prostatectomy, and nephrectomy. (2) Treatment of patients with no real evidence of infection such as vaguely unwell elderly patients or even of "urinary infection" despite prior receipt of negative bacteriological findings.
Both surveys found that the prescribing on the medical wards was good, but the standards on the general surgical wards appeared to deteriorate between 1979 and 1980. Although phthalylsulphathiazole and neomycin prophylaxis was abandoned in 1980, other prophylaxis was still being used in cases with no proved indication. The urology ward was closed for structural alterations in 1980, and too few patients were lodged on other wards to draw firm comparisons with 1979 but in general the same mistakes were made. The standard improved greatly on the gynaecology wards with most dubious prophylactic treatments being abandoned. In the orthopaedic department, however, standards deteriorated considerably from 1979 to 1980 with 61 % of prescriptions being judged unnecessary in 1980 compared with only 12 5 , in 1979. This was almost entirely due to the introduction of the use of prophylactic flucloxacillin for a wide range of routine clean operations.
The casualty department produced the worst results in 1979, with only 260/ of prescriptions judged to be necessary and 61% unnecessary. There seemed to be reluctance to offer simple advice and give local treatment to minor cuts and abrasions. By 1980 the standard had improved considerably with 450% of prescriptions being judged necessary and 34% unnecessary. Though alleviated, the problem, however, was not solved.
Was the antibiotic appropriate?
In 1979, 251 prescriptions were available for assessment and in 1980
116. In 1979 and 1980, respectively, 79% and 80% were judged appropriate and 17°fo and 16% inappropriate, the remainder being questionable. Errors fell into five main categories:
(1) Penicillin was prescribed for patients with stated hypersensitivity (two in 1979 and one in 1980). Fortunately no harm ensued.
(2) The organism was known on basis of existing bacteriological reports to be resistant to the drug chosen (three times in 1979 and once in 1980).
(3) An inappropriate choice was made for the clinical condition. There were a few such errors in the medical, surgical, urology, and obstetric and gynaecology wards in both years-for instance, flucloxacillin for known pneumococcal pneumonia; metronidazole for superficial wound infection; gentamicin alone for infected amputation stump; benzylpenicillin alone for diabetic gangrene with cellulitis; and ampicillin alone for psoas abscess.
In 1979 both the orthopaedic and casualty departments were using large amounts of ampicillin (as Magnapen in casualty) for soft-tissue infections and potentially infected hip joint prostheses. After discussion this practice was abandoned, and in 1980 the only errors in the orthopaedic ward were to use benzylpenicillin for a probable staphylococcal infection when flucloxacillin would have been more appropriate. In the casualty department phenoxymethylpenicillin was chosen three times for staphylococcal skin infections; otherwise prescribing improved from 540' correct choices in 1979 to 81 01 in 1980.
(4) An inappropriate choice was made for prophylaxis. The general surgeons and urologists usually selected their drugs correctly. The gynaecologists, however, often chose co-trimoxazole as prophylaxis before hysterectomy, and this practice continued in 1980 despite discussion. There were also two patients in 1979 with known rheumatic heart disease who were given only benzylpenicillin as prophylaxis before gynaecological surgery; this did not arise in 1980.
(5) Unnecessary changes or additions were made to treatment. In 1979 on the urology and gynaecology wards there was a tendency to rush to change treatment when, after only one or two doses, the patient failed to respond dramatically. For example, a change was made from co-trimoxazole to ampicillin for urinary infection, although the organism was known to be sensitive to both; ampicillin was added to co-trimoxazole in similar circumstances; ampicillin was changed to cephradine, again for a urinary infection, "because it is stronger" and a prostatectomy was planned; amoxycillin was altered to co-trimoxazole for a Haemophilus influenzae chest infection in the mistaken belief that the organism would be resistant to amoxycillin. By 1980 the position had improved somewhat, but there were similar instances. The other departments did not make the same mistakes.
Were the dose and its frequency and route of administration of the antibiotic appropriate ?
In both surveys and all departments the errors were few, but there tended to be reluctance to prescribe adequate parenteral doses of antibiotics for seriously ill patients. Several patients with severe pneumonia or postoperative infections received only 250 g ampicillin or flucloxacillin by mouth or benzylpenicillin only every six to eight hours.
There were no instances of overtreatment or of prolonged parenteral treatment when oral treatment would have been appropriate, in contrast to the findings of Leigh on metronidazole. 5 (table  IV) The distribution of prescribing was greatly influenced by prophylactic use with almost all cephalosporins and metronidazole being used for patients in the surgical and gynaecological departments. Several antibiotics used in 1979 were not used at all in 1980-for instance, neomycin, phthalylsulphathiazole, tobramycin, lincomycin, clindamycin, and ampicillin (Magnapen). Netilmicin was used in a clinical trial in the hospital in 1980 and accounted for a decline in prescription for gentamicin. In both years amoxycillin was used almost entirely by the medical wards with the other departments using ampicillin.
Discussion
Both underprescribing and overprescribing of antibiotics are bad practice; underprescribing leads to failure of treatment and increased patient morbidity and overprescribing to drug resistance and increased side effects, as well as being overly expensive. There appears to be little immediate incentive for accurate prescribing because, clinically, most antibiotics have a large therapeutic index. Evaluation of quality of prescribing is necessarily somewhat arbitrary, and various methods have been used. Achong et al3 15 assessed prescribing according to predefined criteria, while Castle et al5 used the criteria of Kunin et al,4 which were similar to ours. Roberts and Visconti7 and Jones et all6 used two main assessors (a specialist in infectious diseases and a pharmacist) but no predefined criteria and yet achieved a high degree of concord of 91-6o' and over 99'1,", respectively, in the two studies. When there was disagreement, however, the physician's decision was used, whereas we thought that in the absence of agreement between the assessors the prescription should not be included in the final assessment. Our lower degree of agreement probably reflects our more detailed analysis of the prescriptions than has been done previously and our insistence on agreement between assessors about a prescription before including it in the analysis. To use more than two assessors would make the evaluation of prescribing less arbitrary but it would be complicated to organise and analyse the results.
Although details of the criteria of assessment varied between surveys, the principle has been the same, which was "assessment in the light of currently accepted practice," so it seems reasonable to compare the performance of our clinicians with those in other hospitals. Most surveys have found that prescribing is better in medical departments than in surgical, obstetric, or gynaecological departments, and our results follow this trend. Our Although prescribing standards in Southmead Hospital seemed to be higher than those in North America, there was still room for improvement and the advice issued after the 1979 survey attempted to do this. As a result, several erroneous practices identified in 1979 were corrected by 1980. The unnecessary treatment of patients in the casualty department was substantially reduced, and the use of ampicillin, alone and in combination with flucloxacillin for soft-tissue infections, was stopped. The institution of a five-day limit on antibiotic prescriptions reduced both accidental and deliberately long courses of therapeutic treatment but could not stop excessively long prophylactic courses. Despite discussions, some departments continued to make the same mistakes in 1980 as in 1979. Although the obstetric and gynaecological surgeons stopped unnecessary prophylaxis, the general surgeons continued unchanged, and the orthopaedic department introduced new procedures judged to be inappropriate. The gynaecologists continued to use the same unsuitable drug for prophylaxis. Overall, the standard was the same, or even slightly worse in 1980 than in
Other groups have also had limited success in altering prescribing habits. Achong et all5 achieved a reduction only in duration of prophylactic treatment after a quality-of-use survey; McGowan and Finland'4 managed to limit the use of potentially toxic and expensive agents by requiring justification for their prescription, and Jones et all6 were able to reduce prophylactic prescribing only after an educational programme designed to improve all prescribing. To question the cost effectiveness of antibiotic audit is therefore entirely justifiable. It seems unlikely that very high standards of prescribing would be achieved without a continuing education programme or, impracticably, monitoring all scripts. A particular problem, we found, is that antibiotic prescribing is usually left to the more junior medical staff and that they move frequently to other hospitals. Thus education would need to be widespread and not confined to isolated hospitals if it were not to be rapidly diluted. An alternative would be for the more senior staff to take an active interest in prescribing antibiotics since educational effort directed at them would produce more long lasting results. Other suggestions to improve prescribing have been the use of local committees to formulate prescribing policyl7 and the peer audit.1 8 19 Despite our activities having little beneficial effect on prescribing, there are reasons to think that this may not be universally applicable. Prescribing in our hospital was probably in any case already reasonably satisfactory relative to many other hospitals because of the generally high quality of its medical staff and the presence of an active microbiology department. It might well be thought that an educational programme directed at less satisfactory prescribing would have produced more effect, at least temporarily. Furthermore, an audit might show easily correctable faulty prescribing patterns or other errors, such as the virtual elimination of overlong courses of treatment by the introduction of the five-day limit as in our hospital. Topics of uncertainty, as shown by the lack of agreement between the assessors in our survey of orthopaedic prescribing, may be highlighted and justify their being researched. Thus, although it is difficult for a microbiology department or other small groups of workers to persuade some clinicians to alter their prescribing habits, much might be achieved by audit if this desire for improvement emanated from the clinicians themselves.
Our study endorses the findings of Moss et al,'2 who found cause for concern over antibiotic prescribing and also suggested that there is need for constant surveillance of prescriptions to maintain any improvement in standards. The latter would be easier with the use of computerised pharmacy records but would otherwise be very expensive in terms of medical manpower. At present antibiotics are developing rapidly, and education in their use needs to be a continuing process.
We are grateful to our clinical colleagues who allowed us completely unhindered access to their patients and records. 9 Veterans Administration Ad Hoc Advisory Committee on Antimicrobial Is a raised erythrocyte sedimentation rate a normal findinig in patients with temporal arteritis, and can sudden blindness occur in this condition ?
A raised ESR is usually found in temporal arteritis. In a large series reviewed by Wagener and Hollenhorst' the ESR was raised in 91%, and was normal only in patients who had already received cortisone, or who had lost vision some months before. Hollenhorst later stated2 that he had "never seen a patient with a low sedimentation rate that had temporal arteritis," meaning presumably active temporal arteritis. There are, however, well-documented cases of biopsy-positive giantcell arteritis with normal ESR,3 so a high ESR is not essential for the diagnosis. Blindness can occur suddenly in this condition. The second eye can also become blind in less time than it takes to obtain a temporal artery biopsy report. The latter may be negative anyway, and while it is helpful to have a positive biopsy to support the administration of high doses of corticosteroids to elderly and often frail patients, it should not be awaited before starting treatment. In the final analysis treatment should be started without delay if the diagnosis seems likely on clinical grounds.-w J DINNING, consultant ophthalmologist, London. 
